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Significant public health emergencies greatly impact the global supply chain system of
production and cause severe shortages in personal protective and medical emergency
supplies. Thus, rapid manufacturing, scattered distribution, high design degrees of
freedom, and the advantages of the low threshold of 3D printing can play important roles
in the production of emergency supplies. In order to better realize the efficient distribution
of 3D printing emergency supplies, this paper studies the relationship between supply
and demand of 3D printing equipment and emergency supplies produced by 3D printing
technology after public health emergencies. First, we fully consider the heterogeneity
of user orders, 3D printing equipment resources, and the characteristics of diverse
production objectives in the context of the emergent public health environment. The
multi-objective optimization model for the production of 3D printing emergency supplies,
which was evaluated by multiple manufacturers and in multiple disaster sites, can
maximize time and cost benefits of the 3D printing of emergency supplies. Then, an
improved non-dominated sorting genetic algorithm (NSGA-II) to solve the multi-objective
optimization model is developed and compared with the traditional NSGA-II algorithm
analysis. It contains more than one solution in the Pareto optimal solution set. Finally, the
effectiveness of 3D printing is verified by numerical simulation, and it is found that it can
solve the matching problem of supply and demand of 3D printing emergency supplies in
public health emergencies.

Keywords: public health emergencies, 3D printing, dispatch of emergency supplies, multi-objective optimization,
improved NSGA-II algorithm

INTRODUCTION

In recent years, there has been a series of public health emergencies around the world, such as SARS,
influenza A (HIN1), Escherichia coli outbreaks in Europe, Ebola in West Africa, and COVID-19. In
particular, the recent Covid-19 epidemic has basically affected the whole society, including health
care, economic structure and social relationships. A global response included countries and states
have instituted lockdowns, businesses closed down and some of the supplies appeared to be in a
state of shortage. For instance, Personal protective equipment lacks supply capacity. As a result, this
leaves both the patient and the caregiver in high-risk situations. Recently, the health and wellness
sector has begun to look into how 3DP can help address global needs (1-3).

The outbreak of public health emergencies not only seriously endangers people’s health and
safety but also has a significant impact on social and economic development. Faced with the
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outbreak of all kinds of unconventional public health
emergencies, it is necessary to realize efficient production
plans for emergency supplies. Three-dimensional printing by
the method of computer-aided design stratification can use
digital information in the production practice, mainly by the
method of one-by-one printing to accelerate production, also
known as the increase in material manufacturing (4-6). This
method has the characteristics of distributed manufacturing
and digital manufacturing (7); is applicable to small batches,
complex shapes, and customized orders tasks (8); and is widely
used in industrial manufacturing, aviation, food, sports, and
other fields (9, 10). 3D printing technology is the epitome of
“digital intelligent nature,” which has the advantage of one-time
molding. The printed products do not need to be assembled
again, thus shortening the supply chain, saving a lot of labor,
and realizing unmanned production. In the context of public
health emergencies, 3D printing is useful, as it can quickly
produce medical goggles and respiratory masks. At the same
time, in such unique periods, 3D printing technology can also
realize unmanned manufacturing, so as to curb the spread of the
epidemic. Among the aerospace engineering alliance companies,
GKN and Renishaw will provide expertise in 3D printing,
according to 3D Science Valley’s market watch. Volkswagen has
also set up a task force to study how 3D printing can make parts
for hospital ventilators and other medical supplies. In addition, a
European consortium that includes the engineering firm Leitat,
3D printing firm HP, and medical institutions has tested the
prototype LeitAT-1, the first large 3D printing ventilator, which
is industrially scalable and could reach production capacity of
50 to 100 units per day within a week. HP, an industrial-scale
multi-jet molten 3D printing company in the Leitat ventilator
development program, has mobilized the company’s in-house
3D printing team and HP digital manufacturing partners to
network design, validate, and pro-duce essential parts for
medical responders and hospitals, including ventilation valves,
breathing filters, and mask fasteners. During the same period, an
Irish organization launched the Open Source Ventilator (OSV)
project, which aims to develop medical supplies related to the
treatment of the COVID-19 outbreak.

Therefore, 3D printing technology can be used to rapidly
produce emergency supplies such as masks and goggles, so as
to ensure the supply of emergency supplies after disasters. At
present, the means of provision of emergency supplies after a
disaster include reserve, emergency production, social donation,
emergency procurement, international assistance, etc. Among
them, the mobilization of stock, social donations, emergency
procurement, and international assistance can be seen as the
main mobilization of stock. Therefore, many researchers focus
on the distribution of emergency supplies (11-15). For example,
Ekici et al. (16) established a combination optimization model
of epidemic spread and food distribution location selection for
the scheduling of various emergency resources, and designed
a heuristic algorithm to solve large-scale practical problems.
He and Liu (17) designed the emergency demand prediction
model and the unmet demand penalty function based on the
SEIR model, and established a linear programming model
of the epidemic emergency logistics network based on this.

Liu and Zhang (18) constructed an inter-active coordination
optimization model for dynamic ordering and distribution
of medical resources among hospitals, distribution centers,
and suppliers in the context of influenza spread. Zhan et al.
(12) developed a multi-objective optimization model based on
disaster scenario information update with the aim of tackling the
emergency distribution problem of multiple suppliers, multiple
disaster sites, multiple emergency materials, and multiple
vehicles in emergency logistics. Alem et al. (15) constructed new
two-stage random network traffic models and incorporated the
characteristics of procurement, vehicles, lead time, and budget
allocation into the models. Scholars have achieved fruitful results
in the study of emergency supply distribution. However, if the
mobilization of all stocks fails to meet the needs of the affected
areas, policy makers need to consider emergency production as
a means of securing emergency supplies. For example, after an
earthquake in China, in order to meet the living needs of the
people in the affected areas, aided provinces were required to
carry out production tasks. Although the emergency production
tasks of mobile plank houses were successfully completed in the
end, many problems also occurred during the implementation
process. For example, some places did not have the production
capacity or prefabricated houses, while production carried out
far away from the quake-hit points suffered from limited
coordination and optimization of resource use due to the
necessity of adopting different modes of production and sending
personnel to different areas. Therefore, many researchers also
focus on the utilization of capacity reserve to solve the problem
of emergency production. Whybark (19) pointed out that the
balance between inventory reserve and emergency production
capacity reserve should be considered, and production capacity
reserve can effectively reduce the inventory level. In addition
to the above research on the production capacity reserve of
emergency supplies, Chakravarty (20) focused on the rapid
response of humanitarian relief supply chains under uncertain
conditions and determined the supply and supply time of
emergency supplies after disasters. Sheu and Pan (21) established
a stochastic dynamic programming model of material supply
through a two-layer recursive function. Wang et al. (22) used
option contracts to coordinate the emergency supply chain and
realized Pareto improvement in order to solve the problem
of shortage of emergency supplies and high purchase prices.
Therefore, how to match 3D printing emergency supplies with
3D printing equipment for production and maximize the cost
and time benefit of disaster-affected users has become an urgent
problem to be solved. Luo et al. (23) is based on the cloud
manufacturing paradigm, this study focuses on dynamic and
static data based matching method for cloud 3D printing.

Many scholars have studied the scheduling of 3D printing
tasks, and there are many effective scheduling methods. However,
at present, some scholars only consider one goal, while
users generally consider multiple factors comprehensively when
choosing 3D printing services. In addition, a few scholars
considered a variety of factors, but these scholars generally used
the method of additional weight to transform multiple targets
into a single target for solving, and the method of additional
weight is subjective to a certain extent. Therefore, under full
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consideration of emergent public health events in relation to the
3D printing of emergency supplies and their characteristics, as
well as the cost and time needed for their production, a combined
scheduling model of emergency supplies is established, and it is
solved with the improved NSGA-II algorithm and multiple non-
inferior solution set. After the contribution of this paper is to
improve the NSGA-II algorithm is applied to by 3D printing
equipment in the production of emergency supplies distribution
field. At the same time, the multi-objective optimization problem
is also solved.

The remainder of this article is organized as follows:
the second part discusses the 3D-printed emergency material
scheduling model in the context of public health emergencies;
the third part provides an improved NSGA-II algorithm; in the
fourth part, an example is given to verify the effectiveness of the
proposed method; finally, the fifth part provides the conclusion
and briefly discusses further research work.

SCHEDULING MODEL OF 3D-PRINTED
EMERGENCY SUPPLIES IN THE CONTEXT
OF PUBLIC HEALTH EMERGENCIES

Problem Description and Model

Assumptions

After an emergency occurs, emergency reserve is the preferred
way to raise emergency supplies. When supplies are in short
supply, they can also be supplemented by direct requisition,
market procurement, organization donation, and other fund-
raising methods. However, after a major emergency (especially
a major natural disaster) occurs, due to the large area
and large population affected by the disaster, the emergency
supplies collected only by the above means may not be able
to meet the emergency needs; thus, relevant manufacturers
need to be urgently mobilized for emergency production. In
order to successfully complete the emergency production task,
manufacturers with a strong emergency material production
capacity and close to the disaster site should be selected. If the
raw material reserves of manufacturers are insufficient, suppliers
with a strong raw material supply capacity and close to the
manufacturers should also be selected as the manufacturers.
The purpose of this paper is to build a mathematical model
considering the above conditions and provide an emergency
production plan and emergency material supply plan with the
shortest task times and the lowest costs. Due to the complexity of
the production situation in emergency situations, the following
assumption are proposed:

(1) The time and unit transportation costs of materials delivered
by each 3D printing supplier to each affected user are known;

(2) The production capacity per unit time of 3D printing
manufacturers is known;

(3) After all emergency supplies are produced by 3D printing
manufacturers, they will transport them to the affected users.

Mathematical Model

ForImanufacturing tasks Ty, T, T3, T; and/manufacturing service
providers Mj M Ms; M j, the multi-objective function

TABLE 1 | Main mathematical notations.

Notation Definition

J Total number of 3D printing services
M; The i-th 3D printing service

X The abscissa of the position of M;
Y; The ordinate of the position of M;
U The length of M;

v; The width of M

W The height of M;

S The printing material type of M;
P The printing accuracy of M;

%/ Printing cost of unit task on M;
M Printing speed of unit task on M
/ Total number of 3D printing Order
Ti The i-th 3D printing Order

X The abscissa of the position ofT;
Vi The ordinate of the position of T;
Ui The length of T;

Vi The width of T;

w; The height of T;

Sj Required material type of T;

pi Required accuracy of T;

né The Weight of T

Logistic time between unit distance
Logistic cost of unit task between unit distance

and constraint mathematical model are used to describe the
3D printing emergency material scheduling in public health
emergencies. In this article, we assume that a print-type
manufacturing service can only perform subtasks of a specific
print type, and that a manufacturer can receive multiple subtasks
of the same type simultaneously. Table 1 shows the definitions of
the symbols used in the integrated scheduling model.

Objective Function

(1) We assume that there are multiple disaster-affected users
with different needs for 3D printing emergency supplies at the
same time. The order set of 3D printing emergency supplies
is T={Ty, T»,-- -, T;}, and the set of 3D printing equipment is
M= {Ml, My, -, Mj}. The first goal of the scheduling model for
3D-printed emergency material in public health emergencies is
to minimize the cost of emergency materials. In the formula, the
cost of emergency supplies is composed of the printing cost of
each item of 3D printing equipment and the transportation cost
in the logistics process. The transportation cost is the sum of the
product of the distance between the affected user and service
provider and the logistics cost factor. Its objective function is
as follows:

i v
) tri ]
MinJ1 min =
f min Z z : -f-uiViWiﬂ\/(xi — X])Z + (yl - Y])2

i=1 j=1

1)

(2) The second goal of the scheduling model for 3D-printed
emergency supplies in public health emergencies is to minimize
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the time of emergency supplies. In the formula, the time of
emergency supplies is composed of the processing time of each
item of 3D printing equipment and the transportation time in
the logistics process. The transportation time is the sum of the
distance between the affected demander and service provider and
the logistics speed factor. Its objective function is:

Minfs min = Z Z i + ” (2)

i=1 j=1 J
Constraints

ui < Uj (3)

vi <V (4)

wi < W; (5)

S = S]' (6)

P <pi (7)

1<i<I
{ 1<j<J ®

Equation (3), (4), and (5) indicate that the length, width, and
height of the order task are less than or equal to the length, width
and height of the 3D printing device, respectively; Equation (6)
indicates that the type of the 3D printing device is the same as the
required device type of the order; Equation (7) indicates that the
printing accuracy of the 3D printing device is less than or equal
to the accuracy required by the order; Equation (8) indicates that
the order number and the 3D printing equipment number are less
than or equal to the order number and the 3D printing equipment
number, respectively.

Decision Variables
xi. is a variable of 0-1. If the i-th order matches the k-th 3D
printing device, then; otherwise, it is 0.

SOLVING THE MULTI-OBJECTIVE
OPTIMIZATION MODEL

The NSGA-II algorithm (24) introduces a fast non-dominated
sorting method, which reduces the computational complexity
and has an elite retention strategy. Using crowding distance
instead of specifying shared parameters improves the
computational efficiency and is a better algorithm to solve
multi-objective optimization problems. In the crossover process
of the former non-dominated sorting genetic algorithm (NSGA-
II), the simulated binary crossover operator (SBX) is commonly
used to generate offspring. However, on the surface of a large
number of studies, the SBX method cannot avoid the problems
of a limited search scope and instability in the evolution process
in some cases. At the same time, the NSGA-II algorithm is prone
to premature and other phenomena in the optimization process.
When directly applied, it often leads to uneven distribution of
Pareto front.

Improvement of NSGA-II

In this paper, an improved NSGA-II algorithm is used to solve the
scheduling model for 3D printing tasks. This method is improved
by two aspects based on the traditional non-dominated sorting
genetic algorithm.

Introducing the Normal Distribution

Crossover Operator (NDX)
The NSGA-II algorithm operating SBX operators are adopted
to simulate the evolution process of binary crossover operator,
individual creation way as shown in type (9), a is a random
variable, because of the search scope is limited, easy to appear
the problem such as local optimum and evolutionary process is
not stable. In view of the deficiency of SBX operator, the normal
distribution is introduced into the crossover operator SBX, That
is 1.481 replaces a to expand the search space, as shown in
Equation (10). In order to further enhance the spatial search
capability, the discrete recombination operation of evolutionary
strategy is introduced into Equation (11).

In this paper, the NDX operator is introduced into the NSGA-
II algorithm. The Pareto optimal solution can be uniformly
extended to the whole Pareto domain, ensuring the diversity
of the population and improving the quality of the Pareto
optimal solution. This algorithm is applied to 3D printing task
scheduling, which not only pro-vides as many representative
non-inferior solutions as possible for the 3D printing service
platform but also facilitates it to make more reasonable decisions.

_ Pritpai a(pri — p2i)

2 2 ©)

01,i

Assuming the parent generation and the NDX is used to generate
the child generation ojand . For the i variable, the crossover
process is as follows: a random number r € (0, 1) is generated

i i 1.481 i — ) |N(O, 1
When r< 0.5..... 01,i = pl’l +p2’l + (pl’l PZ,z) | ( )|
2 2
(10)
i i 1.481 i — ) |N(O, 1
When r < 0.5.....01; = PLi ¥ pai - (p1i — pa,i) [N(O, 1)
2 2
(11)

Type:o;; is the i th variable on the progeny chromosome;
p1i and py; is the i th variable on the paternal chromosome.
When}N (0, 1)|is a normal distribution random variable.

Improvement of Congestion Distance in
the NSGA-II Algorithm

Crowding distance has an important influence on the diversity
of the population of the NSGA-II algorithm. Good population
diversity not only enables individuals to have good uniform
distribution characteristics but also keeps a certain distance
between individuals. f;and frare the two objective functions of
the problem as showed in Figure 1. After the N th iteration using
the NSGA-II algorithm, the distribution of individuals in the
population is as shown in Figure 1, where individuals Z;_;, and
Ziyare all non-dominated solutions of the first layer. Then, the
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Second floor

First layer

(0} > £,

FIGURE 1 | Calculation method of individual crowded distance in the NSGA-II
algorithm.

a Second floor

First layer

(o] > £,

FIGURE 2 | Population individual distribution map.

crowding distance of the individual is the sum of the distances
between the former Z;_;and the latter Z;; on the two objective
functions, which is a 4+ b. In order to ignore the difference
between different objective function value domains, it is also
necessary to divide the difference between the extreme points in
this hierarchy.

From this, it can be concluded that when there are k objective
functions, the crowding distance d [Z;] of individual is calculated
by Equation (12), and the distribution among individuals is
evaluated based on this.

K . — .
d [Zi] _ Z lf(ZH—l)m f(Zz—l)m| (12)

PN

where m is the dimension of the target; f(Z;11),, and f(Zi—1),,
are the fitness values of the Z;1; and Z;_; individuals to the m-
th target, respectively and £ are the maximum and minimum
fitness values of the M th target in the same distribution
layer, respectively.

The introduction of crowding distance can make the
distribution of the optimal solution more uniform and maintain
the diversity of the population. As shown in Figure 2, however,
this strategy also has some drawbacks:

(1) If the number of individuals in the current non-dominated
set is greater than the specified population number, the surplus

individuals are eliminated at one time according to the crowding
distance from small to large. This strategy is somewhat crude,
as only one population maintenance process needs to calculate
the crowding distance of individuals once. If all individuals with
small crowding distance are eliminated at one time, there will be
individual deletions among individuals, making the distribution
of solutions poor.

(2) At the same level, when point A and point B are relatively
crowded, point B is eliminated according to the exclusion
mechanism of the current NSGA-II algorithm, thus preserving
point A. However, in the actual whole population distribution,
because there are more individuals in the upper layer around A,
it is not necessarily the best selection strategy to keep point A.
It can be seen that the crowding mechanism based on crowding
distance cannot view the density around individuals from the
perspective of the whole population distribution.

With the aim of shortening the congestion distance mentioned
above, this paper proposes a diversity maintenance strategy
called dynamic congestion distance. For the first deficiency, this
paper adopts the following strategy: in the process of population
maintenance, the remaining crowding distance in the population
is recalculated for each individual eliminated. For the second
deficiency, the dynamic congestion distance of individualZ; is
calculated according to the following formula:

_d[Z]
dd [z = g1 /R) (13)
Where R, = % il(V(ZiH)m —f(Zie1) | —d[Z]) is the

variance of crowding distance between individuals Z; adjacent to
targets in all dimensions. The larger the variance, the sparser the
distribution among individuals but the closer the distribution.
Through the dynamic crowding distance method, individuals
with small difference values are eliminated, and individuals with
large difference values are retained, thus greatly improving the
diversity of the algorithm population.

Improvement to the Execution Process of

the NSGA-II Algorithm
The improvement of the NSGA-II algorithm is achieved with the
following steps:

Step 1: In the 3D printing emergency resource scheduling,
each 3D printing emergency material T; corresponds to an
alternative set of 3D printing equipmentMj;allowing real number
coding to be adopted. The coding rules are as follows: each 3D
printing emergency material T; is numbered 1, 2, 3, etc. t; each
chromosome of the genetic algorithm is composed of t genes;
and each gene represents a 3D-printed emergency supply. There
are m items of 3D printing equipment in the form of service
providers, and t 3D printing emergency orders are allocated to m
3D printing equipment. In the process of scheduling emergency
supplies, each item of 3D printing equipment can produce
multiple 3D printing emergency supplies, but each 3D printing
emergency supply can only be allocated to a single piece of 3D
printing equipment.
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The value on each gene of the initial individual is randomly
generated from the alternative 3D printing equipmentM; for
3D printing emergency supplies. The encoded chromosome
structure is shown in Figure 3. The gene position represents
distributed 3D printing emergency supplies T; and the gene value
represents the 3D printing equipment produced by it as shown in
Figure 3.

Step 2: The initial population of N individuals is randomly
generated under the constraint conditions of Equations (3)-(7),
and the evolutionary algebra n = 0.

FIGURE 3 | Chromosome coding diagram.

Step 3: According to fitness functions (1) and (2), fast non-
dominant sorting was conducted for all population individuals,
and the crowding degree of each population individual
was calculated.

Step 4: Randomly selected individuals in populationP, were
selected by the binary championship selection operation,
crossover of NDX operators, and mutation to produce
offspring X;,.

Step 5: P, and X, are merged to produce Q,and calculate the
value of the objective function, and a quick non-dominant sort
operation on Qyis performed.

Step 6: By calculating the crowding degree and crowding
distance of individuals in Q, (adopting the improved crowding
distance mentioned above), the optimal N individuals are formed
into a new generation population P ;.

The improved NSGA-II algorithm was used to solve
the scheduling flow diagram of the distributed 3D printing
emergency supplies, as shown in Figure 4.

TN
([ End )
(st s
\ a }
The model size '« - 7 //// - Yes
v //Whether to meet \>
Matching of No Xl;ennination P
v emergency onditions
) supplies \\ /
Print type S Gt o) N —— "
A new generation
A 4
P,.; was selected
Randomly generate o >
! the initial from Q, according to
population P, the non-dominant
: 0 .
Print accuracy T 01de?r and the
crowding distance
A

v
Nondominant sorting and crowding

Calcul‘ate the

FIGURE 4 | Improved NSGA-II flow chart.

Calculate multi - target fitness

under different fitness functions are : :
crowding distance of
calculated
Qu
A
A 4
The current population selection, the |
- - | .
crossover of NDX operators on the b SortQ, ina
populationP,, , and the vanation to .
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get the sub-population X, [
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|
; i
|
i,/ Pn and Xn are
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EXAMPLE ANALYSIS

Example Description and Parameter
Setting

The feasibility and validity of the model and algorithm are
verified by an example. The parameter settings are shown
in Table 2. The manufacturer has 20 pieces of 3D printing
equipment, and the equipment information is shown in
Table 3. We assumed that there are 50 different 3D printed
emergency supplies from the affected demanders, and the specific
information of the emergency supplies is shown in Table 4.

Example Results and Solution Analysis

In the context of public health emergencies in relation 3D
printing equipment resources, the matching strategy is an
NP-hard problem, and the true Pareto front is unknown. In
order to verify that the validity of the NSGA-II algorithm
had improved, using the convergence and running time of
the algorithm as the evaluation standards, the results of both
the new and traditional NSGA-II algorithm under the same

TABLE 2 | Experimental parameter setting.

parameters and over 10 runs each were analyzed. Using the
above experimental data to compare the NSGA-II algorithms
crossover probability was set at 0.9, mutation probability at 0.05,
the population size at 100, and the largest iterative algebra at
500. The simulation environment was the Intel (R) Core (TM)
i5-4460S, CPU@2.50GHz, RAM4GB, system, Windows 10 and
Simulation platform Matlab2015a. Table 3 shows the results of
the comparison between the improved NSGA-II algorithm and
the traditional NSGA-II algorithm, which were run 10 times each.
Using the traditional NSGA-II algorithm and the improved the
NSGA-II algorithm, the optimal Pareto solutions were obtained,
as shown in Figure 5.

(1) In terms of the convergence of the algorithm, it can be seen
from Table 5 that the average cost calculated by the improved
NSGA-II algorithm is lower than that of the traditional NSGA-
IT algorithm, that is, the improved NSGA-II algorithm can obtain
a solution with higher user satisfaction at the same cost. It can be
intuitively seen from Figure 5 that Pareto solution obtained by
the improved NSGA-II algorithm under the same conditions is
better than that obtained by the traditional NSGA-II algorithm.
In addition, the optimal cost obtained by the improved NSGA-
IT algorithm is also slightly higher than that of the traditional
NSGA-II algorithm, indicating that its search space is larger. In
summary, the Pareto frontier obtained by the improved NSGA-II
algorithm is better, and its convergence is better than that of the

Parameter Valuerange /4 ditional NSGA-II algorithm.

J 20 (2) In regard to the algorithm running time, Table 5 shows
! 50 that the traditional NSGA-II algorithm had an average running
@ 20 kv time of 12.03 s, while the improved NSGA-II algorithm had an
B 8.5%/km average running time of 11.28 s, thus providing a time reduction
TABLE 3 | 3D printing device information.

ID of 3D S; P M;° M U v w; X; Y;
printer (mm) (¥/9) (9/h) (m) (m) (m) (km) (km)

1 FDM 0.01 1.5 70 0.69 0.78 0.62 60 200

2 FDM 0.02 1.4 74 0.63 0.68 0.51 180 200

3 FDM 0.05 1.1 62 0.85 0.87 0.75 80 180

4 3DP 0.06 0.7 78 0.52 0.63 0.54 140 180

5 SLA 0.01 1.7 68 0.66 0.75 0.98 20 160

6 SLA 0.02 1.6 70 0.72 0.95 0.63 100 160

7 SLS 0.05 1.2 70 0.46 0.39 0.63 200 160

8 SLS 0.03 1.3 68 0.75 0.65 0.56 140 140

9 FDM 0.08 1.3 62 0.86 0.74 0.46 40 120
10 FDM 0.04 1.2 63 0.49 0.46 0.67 100 120
11 SLA 0.02 1.2 74 0.83 0.94 0.86 180 100
12 3DP 0.02 0.9 62 0.91 0.94 0.74 60 80

13 3DP 0.05 0.6 78 0.71 0.68 0.91 120 80

14 SLS 0.02 1.4 69 0.45 0.36 0.79 180 60

15 SLS 0.03 1.5 71 0.65 0.58 0.52 20 40

16 FDM 0.04 1.2 63 0.49 0.46 0.67 120 120
17 3DP 0.02 0.9 62 0.91 0.94 0.74 160 180
18 SLA 0.02 1.2 74 0.83 0.94 0.86 140 100
19 SLS 0.02 1.4 69 0.45 0.36 0.79 180 60

20 SLS 0.03 1.5 s 0.65 0.58 0.52 20 40
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TABLE 4 | 3D printing order information.

ID of the Si P; T u; 7 w; Xi Yi

task (mm) (9 (m) (m) (m) (km) (km)
1 FDM 0.03 1,600 0.31 0.33 0.63 100 110
2 SLA 0.02 1,800 0.38 0.42 0.32 100 110
3 SLS 0.06 1,800 0.62 0.63 0.74 100 110
4 FDM 0.05 1,100 0.53 0.53 0.46 100 110
5 SLS 0.05 800 0.36 0.37 0.52 100 110
6 SLA 0.01 1,300 0.36 0.37 0.25 100 120
7 SLS 0.06 1,200 0.39 0.40 0.48 100 120
8 SLA 0.04 1,600 0.17 0.39 0.30 100 120
9 3DP 0.06 1,200 0.48 0.39 0.30 100 120
10 FDM 0.04 1,300 0.28 0.29 0.30 100 120
11 3DP 0.02 700 0.58 0.59 0.73 120 110
12 3DP 0.03 900 0.38 0.29 0.25 120 110
13 3DP 0.03 300 0.48 0.39 0.35 120 110
14 FDM 0.06 600 0.67 0.69 0.30 120 110
15 SLA 0.02 1,700 0.32 0.34 0.68 120 110
16 FDM 0.06 1,800 0.25 0.23 0.55 120 120
17 FDM 0.02 1,800 0.58 0.52 0.51 120 120
18 FDM 0.03 1,400 0.28 0.31 0.30 120 120
19 SLA 0.02 1,300 0.66 0.39 0.50 120 120
20 3DP 0.05 1,200 0.28 0.26 0.28 120 120
21 FDM 0.03 800 0.35 0.29 0.42 130 100
22 SLA 0.06 900 0.51 0.38 05 130 100
23 SLA 0.04 1,100 0.29 0.35 0.62 130 100
24 FDM 0.03 1,000 0.16 0.26 0.27 130 100
25 SLS 0.04 1,100 0.18 0.51 0.38 130 100
26 3DP 0.06 1,200 0.36 0.27 0.39 130 110
27 3DP 0.02 1,800 0.37 0.29 0.74 130 110
28 SLS 0.03 1,600 0.39 0.41 0.38 130 110
29 FDM 0.02 600 0.35 0.38 0.38 130 110
30 SLS 0.06 1,500 0.42 0.37 0.37 130 110
31 SLA 0.03 1,700 0.47 0.19 0.67 140 120
32 SLS 0.05 800 0.35 0.24 0.56 140 120
33 3DP 0.06 600 0.16 0.28 0.34 140 120
34 FDM 0.03 500 0.63 0.36 0.64 140 120
35 SLA 0.03 200 0.61 0.34 0.37 140 120
36 3DP 0.04 800 0.62 0.37 0.46 150 110
37 FDM 0.03 700 0.35 0.28 0.47 150 110
38 SLA 0.04 700 0.35 0.28 0.47 150 110
39 FDM 0.03 1,600 0.38 0.41 0.52 150 110
40 FDM 0.04 1,400 0.37 0.43 0.36 150 110
41 FDM 0.05 1,100 0.53 0.53 0.46 100 110
42 FDM 0.05 1,100 0.53 0.53 0.46 100 110
43 SLS 0.05 800 0.36 0.37 0.52 100 110
44 SLA 0.01 1,300 0.36 0.37 0.25 100 120
45 SLS 0.06 1,200 0.39 0.4 0.48 100 120
46 SLA 0.04 1,600 0.17 0.39 0.3 100 120
47 3DP 0.06 1,200 0.48 0.39 0.3 100 120
48 FDM 0.04 1,300 0.28 0.29 0.3 100 120
49 3DP 0.02 700 0.58 0.59 0.73 120 110
50 3DP 0.03 900 0.38 0.29 0.25 120 110
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of 6.2%. In addition, the optimal operation time of the improved
NSGA-II algorithm was 10.85s, while that of the traditional

NSGA-II algorithm was 11.82s, thus improving the speed of the
NSGA-II algorithm.

In conclusion, compared with the traditional NSGA-II
algorithm, the improved NSGA-II algorithm has a slight
improvement in overall performance. Usage of the optimal

1000 solution set in the improved NSGA-II algorithm is shown in
990 | 0 O NSGAI
< i o
il & CONCLUSION
g o : : o , :
£ In this study, combining with current public health emergencies,
£ ‘980 > 8 this paper proposes the scheduling and distribution scheme
. R B0 g of emergency supplies produced by 3D printing technology.
In terms of the model, a 3D printing production emergency
P40 ke ve material scheduling model was built to solve the resource
- matching problem between supply and demand and maximize
7 L 9 &5 2 &8 0 the production cost and time benefit. In algorithm, orthogonal
Total cost/ ¥ x10 . . .
crossover strategy was applied to algorithm in the process of the
FIGURE 5 | Two muti objective genetic algorithms. cross, a.nd introducing the adaptive hybnd mutation operatpr,
get an improved the NSGA-II algorithm, and compared with
TABLE 5 | Improved NSGA-II algorithm performance comparison.
The optimization goal Cost of emergency supplies Emergency supply time /h Algorithm running time/s
x 10*/Yuan
Average Optimal Average Optimal Average Optimal
Improved NSGA-II algorithm 8.314 7.482 966 938 11.28 10.85
NSGA-II algorithm 8.500 7.560 972 950 12.03 11.82

TABLE 6 | Improved NSGA-II algorithm and Pareto optimal solution (partial).

Pareto optimal solution

Total cost of emergency

Total time for emergency

supplies/Yuan supplies /h
[13,5,13,13,4,15,12,11,18,13,16,9,13,20,4,1,3,12,4,13,19,17,1,16,8,12,18,11,16,19,8,13,12,3, 74,815 995
12,9,18,11,13,3,13,18,19, 13,11,5,9, 3,1,4]
[13,5,13,13,4,15,12,11,18,13,16,9,13,19,4,1,3,12,4,13,19, 75,153 992
17,1,16,8,12,18,11,16,19,8,13,12,3,12,9,18,11,13,3,13,18, 19,13,11,5,9,3,1,4]
[13,5,13,13,4,16,12,11,18,13,16,9,13,20,4,1,3,12,4,13,19,17,1,16,8,12,18,11,16,19,8,13,12,3,12, 75,762 990
9,18,11,13,3,13,18,19,13,11,5,9,3,1,4]
[13,5,13,13,4,15,12,11,18,13,16,8,13,19,4,1,3,12,4,13,20,17,1,16,10,12,18,11,16,19,8,13,12,3,12, 76,458 983
9,18,11,13,4,13,18,19,13,11,6, 9,3,1,4]
[13,5,13,13,4,15,12,11,18,13,16,8,13,19,4,2,3,13,4,13,20,16,1,16,10,12,18,11, 76,571 976
16,19,8,13,12,3,11,9,18,11,13,4,13,18,18,13,11,6, 9,3,1,4]
[13,5,13,13,4,15,12,11,18,13,16,8,13,19,4,2,3,13,4,13,20, 77,945 972
16,1,17,10,12,18,11,16,19,8,13,12,3,11,9,18,11,13,4,13,18,18,13,11,6,9,2,1, 4]
[13,5,13,13,4,17,12,11,18,13,16,8,13,19,4, 79,042 957
1,3,18,4,13,19,17,1,17,7,11,18,11,16,20,8,13,13,3,13,9,18,11,13,2,13,20,19,13,11,6,9,4,1,4]
[18,5,18,13,4,17,12,11,17, 80,704 952
13,16,8,13,19,4,1,3,13,4,13,19,17,1,17,6,11,18,11,16,20,8,13,13,3,13,9,18,11,13,2,13,20,19,
13,11,6,9,4,1,4]
[13,5,13,13,4,17,12,11,17,13,16,8,13,19,4,1,3,13,4,13,19,17,1,17,6,11,18,11,16,20,8,13,13,3, 81,682 950
13,9,18,11,13,2,13,20,19,13,10,6, 9,4,1,4]
[7,6,17,5,3,4,10,6,10,6,16,6,13,16,13,17,2,17,13,10,12,8,1,4,19,8,4,17,13,13,16,17,17,2,6,13,13, 94,178 941
3,11,17,2,10,6,19,6,17,11,16,11,14]
[8,6,17,6,3,3,10,6,10, 6,16,6,13, 16,13,17,2,17, 13,10,13, 95,199 938

7,1,4,19,8,4,17,18,13,16,17,17,2,6,13,13,3,11,17,2,10,7,19,6,17,11,17,11,14]
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the traditional NSGA-II algorithm, the results show that the
improved algorithm has higher precision and faster convergence
speed, convergence of optimization result is closer to the
global optimal solution, and more effectively solve the multi-
objective problem. It is proved that the improved NSGA-
II algorithm can obtain better performance, which has a
certain theoretical significance. We suggest that, under the
background of Covid-19 epidemic, the study on supply and
demand matching of 3D printing emergency supplies can solve
the problem of concealment of some organizations in material
distribution. Meanwhile, managers can reasonably allocate
emergency supplies according to different disaster situations in
each disaster area, which is of certain practical significance.

This study solves the scheduling problem of 3D-printed
emergency supplies in the event of public health emergencies,
but the workflow of emergency supplies requirements selected by
the model is static. However, the most significant impact of 3D
printing on users’ emergency supplies is the dynamic change in
demand; Therefore, the next step will be to conduct research on
3D printing scheduling of dynamic emergency supplies for public
health emergencies under the same constraint conditions as the
optimization objective.
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